###### Strengths and limitations of this study

-   The study quantifies the preferences of patients with orthopaedic trauma for plausible supplementation dosing regimens in contrast to the possible clinical benefits gained with supplementation.

-   Risk--benefit trade-off estimates for common vitamin D dosing regimens are provided.

-   Given the directionality, magnitude, and consistency of the responses, high-face validity is assumed.

-   The study analyses stated preferences of the respondents to hypothetical scenarios. Actual responses may differ.

Introduction {#s1}
============

There has been a recent trend in the orthopaedic community to prescribe vitamin D as an adjuvant therapy to aid fracture healing due to its biological role in bone health and the observed prevalence of low-serum vitamin D levels among adult patients who had sustained a fracture. Recent studies have shown serum levels of vitamin D were found to be reduced during the curative period of a fracture, suggesting vitamin D is used in the formation and mineralisation of the callus.[@R1] These observations in the literature suggest vitamin D supplementation could play a role in improving fracture healing in healthy adults without a history of osteoporosis or metabolic bone diseases. Despite these associations between vitamin D levels and bone health, current literature is inconclusive on the most effective treatment strategy for prescribing vitamin D to patients with a fracture. Therefore, there is a need to determine the optimal frequency, dosage and duration of vitamin D supplementation for patients with a fracture.

From a demographic perspective, adult patients with a fracture are part of a larger trauma population that is associated with poor dietary health, low patient self-efficacy and a high likelihood of poor medication adherence.[@R2] To combat these factors, this study seeks to involve patients in the clinical decision-making process through the use of a discrete choice experiment (DCE) to understand what aspects of treatment are important to patients. DCEs are often used to elicit treatment preferences, particularly when several different treatment options are available. The success of these techniques have been demonstrated in other fracture populations, including comparing patient important attributes of osteoporosis treatments.[@R3] Implementing guidelines that consider patient preferences may increase patient satisfaction with and improve adherence to clinical treatments.[@R4] The purpose of this study was to determine patient preferences for vitamin D supplementation that may reduce healing times and the risk of complications, quantify risk--benefit trade-offs of possible regimens and costs, and determine the preference heterogeneity among respondents. We hypothesise that a reduction in the frequency and duration of supplementation will be preferred by patients with orthopaedic trauma. This study only assessed patient preferences and did not evaluate whether the preferred supplementation regimens are effective in reducing healing time or the risk of reoperation.

Methods {#s2}
=======

DCE {#s2a}
---

We prospectively administered a DCE to patients with orthopaedic trauma at a level 1 trauma centre. DCEs are widely used in healthcare to assess individual preferences by administering surveys that ask individuals to choose their preferred option between two or more hypothetical scenarios or choice sets.[@R5] Options are described with a fixed set of attributes and corresponding levels that vary in each scenario. The underlying assumption in a DCE is the respondents' choices are based on maximising their benefit (utility). Through the systematic construction of choice sets and analysis of the respondents' choices, researchers can assess the relative importance of each attribute and acceptable trade-offs among attributes.

In this study, we asked patients to select between two hypothetical nutritional supplements as described by the treatment attributes. Attributes were specifically chosen that reflect different vitamin D~3~ dosing regimens being used by physicians for patients who had sustained an acute fracture.[@R8] Vitamin D was not explicitly referenced in the DCE to avoid bias stemming from patients' prior opinions about vitamin D. 'No supplement' was also provided as a third option in each choice set in the event the patients did not find either hypothetical scenario favourable. The 'no supplement' option assumed a baseline healing time of 16 weeks and a 12% risk of reoperation for their fracture[@R10]; this was chosen to reflect the clinical course of a surgically treated tibial shaft fracture.

Study setting and population {#s2b}
----------------------------

We conducted this study at the R Adams Cowley Shock Trauma Center in Baltimore, Maryland. All adult (18--60 years), English-speaking patients treated with an extremity fracture proximal to the hands and feet (carpal or tarsal bones) were assessed for eligibility from July 2016 through October 2016. Patients were enrolled in the study at an outpatient follow-up appointment within 7 weeks from their initial injury. The University of Maryland Institutional Review Board approved the study. All patients provided informed consent prior to their inclusion in the study.

Study design {#s2c}
------------

Following the International Society for Pharmacoeconomics and Outcomes Research conjoint analyses practice guidelines,[@R13] the attributes and corresponding levels followed information gathered in literature reviews, patient interviews, expert consultation and a retrospective review of patient outcomes. We further refined the attributes through pilot testing where qualitative patient feedback suggested the removal of a side effect attribute, the inclusion of blood test attribute, the addition of an opt-out option and reframing the healing time and reoperation risk attributes in reference to a baseline. Patients chose between two hypothetical unlabelled supplements (and an opt-out option) that vary in six attributes: duration of healing time; out-of-pocket costs; efficacy in reducing risk of another operation; number of blood tests required during the treatment period; duration of treatment and frequency of administration ([table 1](#T1){ref-type="table"}). Ultimately, the selection of these six attributes attempted to balance what is important to the respondent and what is relevant to the clinician-prescriber. Attributes for the duration of treatment and frequency of administration were based on a survey of vitamin D supplementation patterns of 397 orthopaedic surgeons.[@R8]

###### 

Attributes and levels included in the discrete choice experiment

  Attributes                     Levels                                         Variable coding
  ------------------------------ ---------------------------------------------- -----------------------
  Out-of-pocket costs            \$0, \$20, \$50, \$100                         Continuous
  Healing time (weeks)           8, 12, 14, 16                                  Continuous
  Risk of reoperation            4%, 8%, 12%                                    Continuous
  Frequency of supplementation   Daily, weekly, every 6 weeks, every 12 weeks   Categorical (effects)
  Duration of supplementation    Once, 6 weeks, 12 weeks, 24 weeks              Categorical (effects)
  Routine blood test             No, every 6 weeks                              Categorical (effects)

We developed two surveys, each with 12 distinct choice sets, using a D-optimal design in JMP V.12 software (SAS Institute) to minimise respondent burden and maximise variation in attribute comparison. Each version was a stand-alone fully efficient balanced design. [Figure 1](#F1){ref-type="fig"} displays the format in which participants received the choices. Patients were randomly administered one of the two surveys (available as online [supplementary content](#SP1){ref-type="supplementary-material"}). A member of the research staff was available for questions as the study participant completed the survey. We collected demographic data including age, sex, race, type of injury, American Society of Anesthesiologists physical status, household income, health insurance status and timing of recruitment from both the survey and the medical record. Patients were asked to identify if they had previously taken supplements prior to their injury, as well as if they were currently taking any other medications on a regular basis and if those treatments required regular blood tests. At the end of the survey, patients had to predict the length of their healing time.
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![Sample question from the discrete choice experiment survey administered to participants. In each question, the values for each hypothetical supplement were varied.](bmjopen-2017-019685f01){#F1}

The rule of thumb proposed by Pearmain *et al* suggested sample size over 100 respondents provides stable estimates for modelling preference data obtained from DCEs.[@R15] Lancsar and Louviere noted reliable models with a minimum of 20 respondents per questionnaire version.[@R5] For our study, we sought to recruit 150 participants to ensure reliable estimates of our preference data.

Data analysis {#s2d}
-------------

We performed all statistical analyses using JMP Pro V.13 (SAS Institute). For patient demographic and clinical characteristics, means and SD described continuous variables and frequencies and proportions described categorical variables. We used a hierarchical Bayesian model to estimate the patient preferences (or utility) for each attribute. One advantage of hierarchical Bayesian modelling over more traditional discrete choice analysis is it allows for individual level utility estimates in addition to aggregate estimates.[@R13] The Bayesian methodology generates a utility estimate for each individual in the sample and also combines the individual's utility to derive posterior estimates for the sample. Model parameters, including interactions, are calculated iteratively using Gibbs sampling.[@R16] In our model, we ran 10 000 iterations, including 5000 burn-in iterations. The mean utilities presented in the results for each attribute level represent the mean of these iterations. The utility of each attribute level estimates the strength and direction of the respondents' preference towards a given attribute. Utility values can be positive or negative, with values further from zero indicating a stronger preference. Cost (US dollars), reduction in reoperation risk (absolute per cent) and reduction in healing time (weeks) were modelled as both categorical and continuous variables in the model. Including cost, reduction in reoperation risk and reduction in healing as continuous variables presented the strongest model fit, and were coded as such in the final model. We modelled the frequency of supplementation, the duration of supplementation and the requirement of a blood test using effects coding.

We determined the relative importance of each attribute level by constructing a ratio with the numerator equalling the difference of the maximum value for the levels of a particular attribute and the minimum value for the levels of that same attribute. The denominator of the ratio is the sum of the values obtained in the numerator for all the attributes. This process normalised the scores to sum 100%.

We used marginal rates of substitution to assess acceptable trade-off estimates for varying dosing regimens. Each plausible scenario held a cost of US\$20 and a regular blood draw constant. The frequency and duration of supplementation varied based on plausible regimens, and the associated trade-offs for absolute changes in healing time and reoperation rates were assessed.

We performed hierarchical cluster analysis to determine the number of clusters in our sample that best predict preference heterogeneity among respondents. Based on cubic cluster criterion,[@R17] we selected three clusters for our sample. Using analysis of variance (ANOVA) and χ^2^ tests, we compared all patient characteristics by cluster to determine the variables associated with cluster membership. In addition, we compared individual-level utility estimates by cluster using ANOVA and χ^2^ tests to determine the attributes associated with cluster membership.

Patient involvement {#s2e}
-------------------

Patient interviews and our study team's clinical experience with patients informed the selection of attributes and levels for the DCE. The DCE survey was further refined by pilot testing with feedback from patients. No patients were involved in the recruitment to or conduct of the study. The results of this study were not disseminated to the study participants but have informed the design of a patient-centred trial.

Results {#s3}
=======

Of the 240 patients screened for participation, 34 (14.2%) patients declined participation and 7 were excluded as non-English speaking (2.9%). Of the 199 patients included in the analysis, the mean age was 38.1 years (SD; 13.1), with 68.3% of male sex. The majority of participants had a lower extremity fracture (58.3%) and were fully insured (83.9%). A significant percentage of participants were unemployed (27.6%) and living on a household income below US\$35 000 (42.7%). Nearly a quarter of the participants were currently taking some types of dietary supplement during the study period ([table 2](#T2){ref-type="table"}).

###### 

Characteristics of orthopaedic fracture participants (n=199)

  Characteristic                             Mean (SD)
  ------------------------------------------ -------------
  Male, no. (%)                              136 (68.3)
  Age, year                                  38.1 (13.1)
  Race, no. (%)                              
   White                                     111 (55.8)
   Black                                     70 (35.2)
   Hispanic                                  10 (5.1)
   Other                                     8 (4.0)
  Primary injury, no. (%)                    
   Lower extremity                           116 (58.3)
   Upper extremity                           54 (27.1)
   Pelvis/Acetabulum                         29 (14.6)
  ASA[\*](#tblfn1){ref-type="fn"}, no. (%)   
   1                                         65 (32.7)
   2                                         88 (44.2)
   3                                         40 (20.1)
   4                                         5 (2.5)
   5                                         1 (0.5)
   Unknown                                   41 (20.5)
  Employment status, no. (%)                 
   Full time                                 107 (53.8)
   Unemployed                                55 (27.6)
   Part time                                 18 (9.0)
   Self-employed                             17 (8.5)
   Unknown                                   41 (20.5)
  Income, no. (%)                            
   \<US\$10 000                              35 (17.6)
   US\$10 000--19 999                        6 (3.0)
   US\$20 000--34 999                        44 (22.1)
   US\$35 000--49 999                        15 (7.5)
   US\$50 000--74 999                        30 (15.1)
   US\$75 000--100 000                       20 (10.1)
   \>US\$100 000                             39 (19.6)
   Unknown                                   10 (5.0)
  Health insurance, no. (%)                  
   Fully insured                             167 (83.9)
   Partially insured                         13 (6.5)
   Uninsured                                 16 (8.0)
   Unknown                                   3 (1.5)
  Currently using supplements, no. (%)       47 (23.6)
  Routinely takes medication, no. (%)        85 (42.7)
   Daily                                     76 (38.2)
   Weekly                                    8 (4.0)
  Routine blood test, no. (%)                41 (20.6)
  Days from injury to survey                 24.8 (12.9)
  Anticipated fracture healing time, weeks   11.6 (8.4)

\*ASA physical status classification system for assessing preoperative patient fitness.

ASA, American Society of Anesthesiologists.

Respondents selected supplement A or supplement B in 2034 of 2388 completed choice sets (rather than 'prefer no supplement'), suggesting an overall willingness in the sample to use supplementation to improve fracture healing and the included attributes captured important dosing and fracture healing factors. Overall, the attribute with the greatest relative importance to fracture patients' supplementation decisions was the reduction in the risk of reoperation (weighted at 34.3%), followed by a reduction in healing time (24.4%) ([figure 2](#F2){ref-type="fig"}). Requiring a routine blood test (2.8%) was the least important attribute contributing to supplementation preferences included in our model. We detected minimal correlation between attribute levels (r\<0.42).

![The relative importance across all attributes included in the discrete choice experiment.](bmjopen-2017-019685f02){#F2}

The parameter estimates of utilities (ß) for each attribute level are presented in [table 3](#T3){ref-type="table"}. Attributes with a positive utility parameter indicated the attribute would improve patient satisfaction, while attributes with negative utility parameters would lessen the patient's satisfaction. The signs on the parameter estimates were as expected with increased costs and blood tests having a negative effect. Reductions in the risk of reoperation, reduced healing time, reduced frequency of doses and reduced duration of supplementation had a positive effect. The highest parameter estimates were for a one-time supplementation dose (ß=0.71, 95% CI 0.41 to 1.00), followed by a reduction in the risk of reoperation (ß=0.41 per absolute % reduction, 95% CI 0.0.36 to 0.46) and shortened healing time (ß=0.26 per week, 95% CI 0.22 to 0.29). Supplementation for 24 weeks in duration (ß=−0.83, 95% CI −1.00 to −0.67) and a daily supplement (ß=−0.29, 95% CI −0.47 to −0.11) were associated with the lowest parameter estimates. The 'no supplement' option had a large negative value suggesting patients in the sample population generally desired supplementation.

###### 

Mean utility calculated using posterior means for each attribute level

  Attribute                               Level                   Mean utility (95% CI)
  --------------------------------------- ----------------------- ---------------------------
  Cost of supplement (per US\$1)                                  −0.02 (−0.02 to −0.01)
  Shortened healing time (per week)                               0.26 (0.22 to 0.29)
  Risk reduction of reoperation (per %)                           0.41 (0.36 to 0.46)
  Frequency of supplementation            Daily                   −0.29 (−0.47 to −0.11)
  Weekly                                  −0.09 (−0.30 to 0.08)   
                                          Every 6 weeks           0.06 (−0.11 to 0.24)
                                          Every 12 weeks          0.34 (0.16 to 0.54)
  Duration of supplementation             Once                    0.71 (0.41 to 1.00)
  For 6 weeks                             0.30 (0.12 to 0.49)     
                                          For 12 weeks            −0.23 (−0.39 to −0.07)
                                          For 24 weeks            −0.83 (−1.00 to −0.67)
  Routine blood test                      Yes                     −0.12 (−0.21 to −0.04)
                                          No                      0.12 (0.04 to 0.21)
  No supplementation constant                                     −11.43 (−12.57 to −10.33)
  Model statistics                                                
   Number of respondents                  199                     
   Total iterations                       10 000                  
   Burn-in iterations                     5000                    
   Average log likelihood after burn-in   −907.49                 

Mean utility quantifies the additional satisfaction gained by the patient for each described attribute/level. Negative mean utility values signify an aversion to or dissatisfaction with the described attribute/level.

We modelled several plausible clinical scenarios to understand the reduction in healing time and reoperation risk that patients would require to find potential supplement dosing regimens acceptable ([table 4](#T4){ref-type="table"}). Responses to the DCE assumed a healing time of 16 weeks and a 12% risk of reoperation without supplementation. Under these assumptions, we determined acceptable reductions in healing time and risk of reoperation for supplementation taken daily, weekly or every 6 weeks for a period of 12 weeks with a blood test every 6 weeks and a US\$20 out-of-pocket patient expense. In exchange for daily supplementation for 12 weeks, 2 blood tests and US\$20 in expense, respondents required either a 4.4-week reduction in healing time, a 2.9% absolute reduction in reoperation risk or some combination of the two. Similarly, in exchange for a treatment strategy that would require supplements every 6 weeks, 2 blood tests and a cost of US\$20 during the 3-month postinjury period, patients expected a 2.0% absolute reduction in the risk of reoperation or a 3.1-week reduction in healing time from the baseline. A smaller reduction in the risk of reoperation, if offset by an increased reduction in healing time or vice-versa would also be acceptable for this potential regimen.

###### 

Matrix demonstrating potential supplement dosing regimens with acceptable clinical outcomes

  Potential regimen                                                    Levels                 Acceptable trade-offs          
  -------------------------------------------------------------------- ---------------------- ----------------------- ------ -----------
  Daily for 12 weeks with 2 blood tests and a cost of US\$20           Reduced healing time   4.4 weeks               None   1.3 weeks
  Reduced risk of reoperation                                          None                   2.9%                    2.0%   
  Weekly for 12 weeks with 2 blood tests and a cost of US\$20          Reduced healing time   3.7 weeks               None   2.1 weeks
  Reduced risk of reoperation                                          None                   2.4%                    1.0%   
  Every 6 weeks for 12 weeks with 2 blood tests and a cost of US\$20   Reduced healing time   3.1 weeks               None   1.5 weeks
  Reduced risk of reoperation                                          None                   2.0%                    1.0%   

Patients were told to assume a baseline fracture healing time of 16 weeks and a 12% risk of reoperation without supplementation.

Based on cubic cluster criterion in the hierarchical clustering analysis, three clusters derived from our sample. Eighty per cent of the respondents were members of cluster 1, 11% in cluster 2 and 9% in cluster 3 ([table 5](#T5){ref-type="table"}). Cluster membership was significantly associated with household income (p=0.01) and healthcare insurance (p=0.049). Cluster 2 membership had a disproportionately high proportion of partially insured respondents (19% vs 5% in cluster 1% and 6% in cluster 3). Respondents in cluster 3 were more likely to have an annual household income of less than \$10 000 (53% vs 13% in cluster 1% and 31% in cluster 2). There was significant heterogeneity in preferences among the three clusters with respect to the costs of supplement, the reduction in healing time, the reduced risk of reoperation and the 'no supplementation' constant. Cluster 1 members had a very low utility associated with the 'no supplementation' constant (ß=−12.85, SE=0.17), suggesting a strong overall willingness in cluster 1 to use supplementation to improve fracture healing. Cluster 2 members were unique in the negative utility associated with the cost of supplementation (ß=−0.06 per US\$1, SE=0.006). Cluster 3 members had the highest parameter estimates for a reduction in healing time (ß=0.39 per week, SE=0.03) and a reduction in the risk of reoperation (ß=0.55 per absolute % reduction, SE=0.06). Cluster 3 exhibited the lowest relative preference to supplementation with a 'no supplementation' constant of ß=−3.94 (SE=0.53).

###### 

Heterogeneity in preferences associated with cluster membership

  Cluster                                 1 (n=160)       2 (n=22)        3 (n=17)        P value
  --------------------------------------- --------------- --------------- --------------- ---------
  Cost of Supplement (per US\$1)          −0.01 (0.002)   −0.06 (0.006)   −0.04 (0.006)   \<0.001
  Shortened healing time (per week)       0.24 (0.01)     0.25 (0.03)     0.39 (0.03)     \<0.001
  Risk reduction of reoperation (per %)   0.41 (0.02)     0.33 (0.05)     0.55 (0.06)     0.01
  No supplementation constant             −12.85 (0.17)   −6.95 (0.46)    −3.94 (0.53)    \<0.001

Discussion {#s4}
==========

Our results indicate patients who have sustained a fracture have a general willingness to use supplementation to improve fracture healing. When evaluating supplement options, the benefits of a reduced risk of reoperation and reduced healing time bear the greatest relative importance. Furthermore, patients gain considerable utility from loading dose, as opposed to daily dose regimens and have a comparable aversion to regimens of 24 weeks in duration. Among possible dosing regimens, patients expect a reduced healing time of 3--4.5 weeks, an absolute reduction in the risk of reoperation of 2%--3% or a combination of the two clinical benefits relative to their baseline. Household income and health insurance status largely predicted heterogeneity in preferences and was associated with variation in mean utilities estimates for costs, healing time, reoperation risk and overall willingness to use supplements.

Based on limited evidence to guide vitamin D treatment decisions,[@R8] orthopaedic surgeons are using numerous different vitamin D~3~ supplementation treatment regimens to improve healing and decrease the risk of reoperations for healthy, patients with a non-osteoporotic fracture. Similarly, many surgeons believe vitamin D could also decrease the length of time required for healing to occur because of the bone metabolism role of vitamin D during early fracture callus formation.[@R19] By performing this discrete choice experiment, we sought to understand patient values towards the plausible effect of vitamin D~3~ supplementation on acute fracture healing outcomes.

Previous studies in patients with rheumatoid arthritis have also quantified preferences for different treatment attributes. These investigations found treatment benefits, such as increasing the chance of a major symptom improvement and reducing the chance of serious joint damage were more important than dosing regimen.[@R20] These findings are consistent with our study population, in which clinical outcomes were of much greater relative importance when compared with the burden of supplementation. Similarly, our patients also placed more value on limiting the duration of supplementation rather than the frequency of the supplementation.[@R21] In contrast to research on rheumatoid arthritis medications,[@R23] cost was of less relative importance to our overall sample. However, our cluster analysis revealed respondents with low annual household incomes and partial insurance to be particularly averse to any incremental increase in the cost of supplementation.

To our knowledge, this is the first study to quantify patient preferences towards using nutritional supplements to improve fracture healing. The marginal rates of substitution enable us to quantify and compare acceptable trade-offs in this patient population. Furthermore, the trade-off assessments provided can guide clinicians to design dosing regimens that will optimise adherence. Our cluster analysis provides insight into which attributes will promote the use of supplements across different segments of the fracture population.

The following limitations must be considered in the context of our study design. We recognise there is an array of other factors that may impact a fracture patient's willingness to use a nutritional supplement. However, we invested considerable time to ensure the attributes and levels included in the model were relevant and important to this patient population. Second, each patient enrolled in the study differed slightly in the stage of his or her recovery process although all patients were within 7 weeks of their injury, and this potential confounder was not significant in our cluster analysis. The survey did not specifically mention vitamin D supplementation, opting to use a more generic term, 'nutritional supplement,' in an attempt to avoid possible preconceptions towards vitamin D by the respondents. However, we assume the preferences stated in this study to accurately reflect preferences towards vitamin D supplementation. Finally, all study participants had recently suffered an orthopaedic injury and the preferences stated by this population may not be generalisable to other patient populations.

Despite these limitations, we had an adequate sample size and a robust design with clinically relevant attributes. Our findings allowed us to model several plausible clinical scenarios for clinicians to understand how patients value healing time and reoperation within certain supplementation regimens. The frequency and duration options presented to patients in the DCE have all been previously used in clinical practice and could be easily implemented by other physicians. Recognising the increased prescription and attention towards vitamin D supplement for fracture patients, the findings of this study are important for informing clinicians on dosing regimens that reflect patient values and for researchers designing patient-centred clinical trials to test the hypothesised fracture healing benefits of vitamin D.

This study assessed the value patients apply to possible clinical outcomes following a fracture and the acceptability of supplementation, in various doses, as a mechanism to improving those outcomes. When presented with alternative supplementation options, patients placed the greatest emphasis on reducing their risk of reoperation followed by a reduction in healing time. Limiting the duration of supplementation was preferable over reducing the frequency of supplementation. These factors and possible trade-offs among these attributes can guide clinical strategies. The findings are also valuable to the design of future trials evaluating the efficacy of vitamin D following a fracture, specifically in determining the minimally important clinical difference supplements should provide for patients with fracture.
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